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This paper presents the theoretical analysis of a multilayered magneto-electro-thermoelas-
tic hollow sphere under unsteady and uniform surface heating.We obtain the exact solution
of the transient thermal stress problem of the multilayered magneto-electro-thermoelastic
hollow sphere in the spherically symmetric state. As an illustration, we perform numerical
calculations of a two-layered composite hollow sphere made of piezoelectric and
magnetostrictive materials and investigate the numerical results for temperature change,
displacement, stress, and electric andmagnetic potential distributions in the transient state
are shown in ﬁgures.
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It has recently been found that composites made of piezoelectric and magnetostrictive materials exhibit the magnetoelec-
tric effect, which is not seen in piezoelectric or magnetostrictive materials [1–3]. These materials are known as multiferroic
composites [4]. These composites exhibit a coupling among magnetic, electric, and elastic ﬁelds. It is possible to develop a
new system of smart composite materials by combining these piezoelectric and magnetostrictive materials with other
structural materials.
In the past, various problems in magneto-electro-elastic media that exhibit anisotropic and linear coupling among the
magnetic, electric, and elastic ﬁelds were analyzed. Examples of static problems are as follows. Pan [5] derived the exact solu-
tion of simply supported andmultilayeredmagneto-electro-elastic plates, and Pan and Heyliger [6] derived the exact solution
of magneto-electro-elastic laminates in cylindrical bending. Babaei and Chen [7] derived the exact solution of radially
polarized and magnetized rotating magneto-electro-elastic hollow and solid cylinders. Ying and Wang [8] derived the exact
solution of rotating magneto-electro-elastic composite hollow cylinders. Wang et al. [9] derived an analytical solution of a
multilayered magneto-electro-elastic circular plate under simply supported boundary conditions. Examples of dynamic
problems are as follows. Wang and Ding [10] analyzed the transient responses of a magneto-electro-elastic hollow
sphere and a magneto-electro-elastic composite hollow sphere [11] subjected to spherically symmetric dynamic loads.
Anandkumar et al. [12] analyzed the free vibration behavior of multiphase and layered magneto-electro-elastic beams.
Examples of thermal stress problems are as follows. Sunar et al. [13] analyzed thermopiezomagnetic smart structures and
Kumaravel et al. [14] analyzed a three-layered electro-magneto-elastic strip under steady state conditions using the ﬁnite
element method. Hou et al. [15] obtained 2D fundamental solutions of a steady point heat source in inﬁnite and semi-inﬁnite
orthotropic electro-magneto-thermo-elastic planes and obtained Green’s function for a steady point heat source on the. All rights reserved.
x: +81 72 254 9904.
tao).
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Green’s functions for semi-inﬁnite transversely isotropic electro-magneto-thermo-elastic composites. Gao et al. [18] ana-
lyzed the problem of collinear cracks in an electro-magneto-thermo-elastic solid subjected to uniform heat ﬂow at inﬁnity.
These studies, however, treated thermal stress problems only under steady temperature distribution. It is well known that
thermal stress distributions in a transient state show signiﬁcant and large response values as compared to those in a steady
state. Therefore, transient thermoelastic problems are important. With regard to transient thermal stress problems, Wang
and Niraula [19] analyzed transient thermal fracture in transversely isotropic electro-magneto-elastic cylinders. The exact
solution of a transient analysis of multilayered magneto-electro-thermoelastic strip subjected to nonuniform heat supply
was also obtained [20]. However, to the best of the authors’ knowledge, the exact analysis of a multilayered magneto-
electro-thermoelastic hollow sphere under unsteady heat supply has not yet been reported. Here, we present the derivation
of an exact solution of the transient thermal stress problem of a multilayered composite hollow sphere made of magneto-
electro-thermoelastic materials under uniform surface heating in a spherically symmetric state. We assumed that the
magneto-electro-thermoelastic materials are polarized and magnetized in the radial direction.
2. Analysis
We considered a multilayered composite hollow sphere made of spherical isotropic and linear magneto-electro-
thermoelastic materials. The hollow sphere’s inner and outer radii are denoted by a and b, respectively. ri is the outer radius
of the ith layer. Throughout this article, indices i (=1,2, . . . ,N) are associated with the ith layer from the inner side of a com-
posite hollow sphere.
2.1. Heat conduction problem
We assumed that the multilayered hollow sphere is initially at zero temperature and its the inner and outer surfaces are
suddenly heated by surrounding media having constant temperatures Ta and Tb with relative heat transfer coefﬁcients ha and
hb, respectively. Then, the temperature distribution is one-dimensional and the transient heat conduction equation for the
ith layer is written in the following form:@Ti
@s
¼ jri @
2Ti
@r2
þ 2
r
@Ti
@r
 !
; i ¼ 1; . . . ;N: ð1ÞThe initial and thermal boundary conditions in dimensionless form ares ¼ 0; Ti ¼ 0; i ¼ 1;2; . . . ;N; ð2Þ
r ¼ a; @T1
@r
 HaT1 ¼ HaTa; ð3Þ
r ¼ Ri; Ti ¼ Tiþ1; i ¼ 1;2; . . . ;N  1; ð4Þ
r ¼ Ri; kri @Ti
@r
¼ kr;iþ1 @Tiþ1
@r
; i ¼ 1;2; . . . ;N  1; ð5Þ
r ¼ 1; @TN
@r
þ HbTN ¼ HbTb: ð6ÞIn Eqs. (1)–(6), we introduced the following dimensionless values:ðTi; Ta; TbÞ ¼ ðTi; Ta; TbÞ=T0; ðr;Ri; aÞ ¼ ðr; ri; aÞ=b; s ¼ j0t=b2;
jri ¼ jri=j0; kri ¼ kri=k0; ðHa;HbÞ ¼ ðha; hbÞb;
ð7Þwhere Ti is the temperature change; t is time; and T0, k0 and j0 are typical values of temperature, thermal conductivity, and
thermal diffusivity, respectively. Introducing the Laplace transform with respect to the variable s, the solution of Eq. (1) can
be obtained so as to satisfy the conditions (2)–(6). This solution is written as follows:Ti ¼ 1F A
0
i þ
B0i
r
 !
þ
X1
j¼1
2 exp l2j s
 
ljD
0ðljÞ
Aij0ðbiljrÞ þ Biy0ðbiljrÞ
h i
; i ¼ 1;2; . . . ;N; ð8Þwhere j0() and y0() are zeroth-order Spherical Bessel functions of the ﬁrst and second kind, respectively. Furthermore, D and
F are the determinants of 2N  2Nmatrice [akl] and [ekl], respectively; the coefﬁcients Ai and Bi are deﬁned as determinants of
a matrix similar to the coefﬁcient matrix [akl], in which the (2i  1)th column or 2ith column is replaced with the constant
vector {ck}, respectively. Similarly, the coefﬁcients A0i and B
0
i are deﬁned as determinants of a matrix similar to the coefﬁcient
matrix [ekl], in which the (2i  1)th column or 2ith column is replaced with the constant vector {ck}, respectively. The
nonzero elements of the coefﬁcient matrices [akl] and [ekl] and the constant vector {ck} are given as
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a2N;2N1 ¼ Hbj0ðbNlÞ  bNlj1ðbNlÞ; a2N;2N1 ¼ Hby0ðbNlÞ  bNly1ðbNlÞ;
a2i;2i1 ¼ j0ðbilRiÞ; a2i;2i ¼ y0ðbilRiÞ; a2i;2iþ1 ¼ j0ðbiþ1lRiÞ; a2i;2iþ2 ¼ y0ðbiþ1lRiÞ;
a2iþ1;2i1 ¼ kribilj1ðbilRiÞ;
a2iþ1;2i ¼ kribily1ðbilRiÞ; a2iþ1;2iþ1 ¼ kr;iþ1biþ1lj1ðbiþ1lRiÞ;
ð9Þ
a2iþ1;2iþ2 ¼ kr;iþ1biþ1ly1ðbiþ1lRiÞ; i ¼ 1;2; . . . ;N  1 ð10Þ
e1;1 ¼ Ha; e1;2 ¼ 1a2 ð1þ HaaÞ; e2N;2N1 ¼ Hb; e2N;2N ¼ Hb  1 ð11Þ
e2i;2i1 ¼ 1; e2i;2i ¼ 1Ri ; e2i;2iþ1 ¼ 1; e2i;2iþ2 ¼ 
1
Ri
;
e2iþ1;2i ¼
kri
R2i
; e2iþ1;2iþ1 ¼ 
kr;iþ1
R2i
; i ¼ 1;2; . . . ;N  1
ð12Þ
c1 ¼ HaTa; c2N ¼ HbTb; ð13Þ
In Eq. (8), D0(lj) isD0ðljÞ ¼
dD
dl

l¼lj
ð14Þand lj is the jth positive root of the following transcendental equation:DðlÞ ¼ 0: ð15Þ2.2. Thermoelastic problem
We developed the analysis of a multilayered magneto-electro-thermoelastic hollow sphere as a spherically symmetric
state. The displacement–strain relations are expressed in dimensionless form as follows:erri ¼ uri;r; ehhi ¼ e//i ¼ uri=r; crhi ¼ cr/i ¼ ch/i ¼ 0; ð16Þ
where the comma denotes partial differentiation with respect to the variable that follows. For the spherical isotropic and
linear magneto-electro-thermoelastic materials, the constitutive relations are expressed in dimensionless form as follows:rrri ¼ C11ierri þ 2C12iehhi  briTi  e1iEri  q1iHri;
rhhi ¼ r//i ¼ C12ierri þ ðC22i þ C23iÞehhi  bhiTi  e2iEri  q2iHri;
ð17Þwherebri ¼ C11iari þ 2C12iahi;
bhi ¼ C12iari þ ðC22i þ C23iÞahi:
ð18ÞThe constitutive equations for the electric and the magnetic ﬁelds in dimensionless form are given asDri ¼ e1ierri þ 2e2iehhi þ g1iEri þ d1iHri þ p1iTi; ð19Þ
Bri ¼ q1ierri þ 2q2iehhi þ d1iEri þ l1iHri þ m1iTi: ð20ÞThe relation between the electric ﬁeld intensity and the electric potential /i in dimensionless form is deﬁned asEri ¼ /i;r: ð21Þ
The relation between the magnetic ﬁeld intensity and the magnetic potential wi in dimensionless form is deﬁned as sHri ¼ wi;r: ð22Þ
The equilibrium equation in the radial direction is expressed in dimensionless form as follows:rrri;r þ 2ðrrri  rhhiÞ=r ¼ 0: ð23Þ
If the electric charge density is zero, the equations of electrostatics and magnetostatics are expressed in dimensionless form
as follows:
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Bri;r þ 2Bri=r ¼ 0: ð25ÞIn Eqs. (16)–(25), the following dimensionless values are introduced:rkli ¼ rklia0Y0T0 ; ð
ekli; ckliÞ ¼ ðekli; ckliÞa0T0 ;
uri ¼ uira0T0b ;
aki ¼ akia0 ; Ckli ¼
Ckli
Y0
;
Dri ¼ Dria0Y0T0jd0j ; Bri ¼
Brijd0jj0
ba0T0
; /i ¼ /ijd0ja0T0b ;
wi ¼ wijd0jj0a0Y0T0 ;
eki ¼ ekiY0jd0j ;
g1i ¼ g1i
Y0jd0j2
; qki ¼ qkij0jd0jb ; l1i ¼
l1ij20jd0j2Y0
b2
;
d1i ¼ j0d1ib ; p1i ¼
p1i
a0Y0jd0j ;
m1i ¼ m1ij0jd0jba0 ; Eri ¼
Erijd0j
a0T0
;
Hri ¼ Hribjd0jj0a0Y0T0 ;
ð26Þwhere rkli are the stress components; (ekli,ckli) are the strain components; uri is the displacement in the r direction; aki are the
coefﬁcients of linear thermal expansion; Ckli are the elastic stiffness constants; Dri is the electric displacement in the r direc-
tion; Bri is the magnetic ﬂux density in the r direction; eki are the piezoelectric coefﬁcients; g1i is the dielectric constant; p1i is
the pyroelectric constant; qki are the piezomagnetic coefﬁcients; l1i is the magnetic permeability coefﬁcient; d1i is the mag-
netoelectric coefﬁcient; m1i is the pyromagnetic constant; and a0, Y0, and d0 are typical values of the coefﬁcient of linear
thermal expansion, Young’s modulus and piezoelectric modulus, respectively.
Substituting Eqs. (16), (21) and (22) into Eqs. (17), (19) and (20), and later into Eqs. (23)–(25), the governing equations of
the displacement uri, electric potential /i, and magnetic potential wi in the dimensionless form are written asC11iuri;rr þ 2C11iuri;rr1 þ 2ðC12i  C22i  C23iÞurir2 þ e1i/i;rr^ þ 2ðe1i  e2iÞ/i;rr1 þ q1iwi;rr þ 2ðq1i  q2iÞwi;rr1
¼ 2ðbri  bhiÞTir1 þ briTi;r; ð27Þ
e1iuri;rr þ 2ðe1i þ e2iÞuri;rr1 þ 2e2iurir2  g1i/i;rr  2g1i/i;rr1  d1iwi;rr^  2d1iwi;rr1 ¼ p1iðTi;r þ 2Tir1Þ; ð28Þ
q1iuri;rr þ 2ðq1i þ q2iÞuri;rr1 þ 2q2iurir2  d1i/i;rr  2d1i/i;rr1  l1iwi;rr  2l1iwi;rr1 ¼  m1iðTi;r þ 2Tir1Þ: ð29ÞIf the inner and outer surfaces of the multilayered magneto-electro-thermoelastic hollow sphere are traction free, and the
interfaces of each adjoining layer are perfectly bonded, then the boundary conditions of inner and outer surfaces and the
conditions of continuity at the interfaces can be represented as follows:r ¼ a; rrr1 ¼ 0;
r ¼ Ri; rrri ¼ rrr;iþ1; uri ¼ ur;iþ1; i ¼ 1; . . . ;N  1;
r ¼ 1; rrrN ¼ 0:
ð30ÞThe boundary conditions in the radial direction for the electric and magnetic ﬁelds are expressed asr ¼ a; Dr1 ¼ 0;Br1 ¼ 0 or /1 ¼ 0; w1 ¼ 0;
r ¼ Ri; Dri ¼ Dr;iþ1; Bri ¼ Br;iþ1; /i ¼ /iþ1; wi ¼ wiþ1; i ¼ 1; . . . ;N  1;
r ¼ 1; DrN ¼ 0; BrN ¼ 0 or /N ¼ 0; wN ¼ 0:
ð31ÞThe solutions of Eqs. (27)–(29) are assumed in the following form:uri ¼ urci þ urpi; /i ¼ /ci þ /pi; wi ¼ wci þ wpi ð32Þ
In Eq. (32), the ﬁrst term on the right-hand side gives the homogeneous solution and the second term gives the particular
solution. The homogeneous solutions of Eq. (32) can be expressed as follows:urci ¼ C1ir1 þ C2irki2 þ C3irki3 ;
/ci ¼ C11ie1i ðC6i þ C7i
r1 þ g1iC2irki2 þ g2iC3irki3 Þ;
wci ¼ C11iq1i ðC4i þ C5i
r1 þ g3iC2irki2 þ g4iC3irki3 Þ;
ð33Þ
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ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 4b1i=b3i
p
2
;
b1i ¼  aici þ b2ei  bei 
bqici  beibdi
dici  b2di
ðci  bdi  bqici þ beibdiÞ
" #
;
b3i ¼ 1þ ci þ
ðci  bdiÞ2
dici  b2di
;
ai ¼ 2ðC22i þ C23i  C12iÞ
C11i
; bei ¼
2e2i
e1i
; bqi ¼
2q2i
q1i
; bdi ¼
C11id1i
e1iq1i
;
ci ¼ C11i
g1i
e21i
; di ¼ C11i
l1i
q21i
;
g1i ¼
1
ciki2ðki2 þ 1Þ
k2i2 þ ki2 þ beiðki2 þ 1Þ  bdiki2a3i
 
;
g2i ¼
1
ciki3ðki3 þ 1Þ
k2i3 þ ki3 þ beiðki3 þ 1Þ  bdiki3a4i
 
;
g3i ¼ a3i=ðki2 þ 1Þ; g4i ¼ a4i=ðki3 þ 1Þ;
a3i ¼ ki2 þ 1
ki2 dici  b2di
 	 ½ðci  bdiÞki2 þ bqici  beibdi;
a4i ¼ ki3 þ 1
ki3 dici  b2di
 	 ½ðci  bdiÞki3 þ bqici  beibdi
ð34ÞIn Eq. (33), Cki(k = 1,2, . . . ,7) are unknown constants. We have the following relation:aiC1i þ beiC7i þ bqiC5i ¼ 0: ð35Þ
In order to obtain the particular solutions, series expansions of Sphere Bessel functions given in Eq. (8) are used. Eq. (8) can
be written in the following way:Tiðri; sÞ ¼
X1
n¼0
ainðsÞr2n þ binðsÞr2n1
 
; ð36ÞwhereainðsÞ ¼ A
0
i
F
d0n þ
X1
j¼1
Ai
2exp l2j s
 
ljD
0ðljÞ

ð1Þn bilj
 2n
ð2nþ 1Þ! ;
binðsÞ ¼ B
0
i
F
d0n þ
X1
j¼1
Bi
2exp l2j s
 
ljD
0ðljÞ
 ð1Þ
nþ1ðbiljÞ2n1
ð2nÞ! :
ð37ÞFig. 1. Variation of temperature change in the radial direction (Case 1, R1 = 0.85).
Fig. 2. Variation of displacement ur in the radial direction (Case 1, R1 = 0.85).
Fig. 3. Variation of thermal stresses in the radial direction (Case 1, R1 = 0.85): (a) normal stress rrr and (b) normal stress rhh .
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Fig. 4. Variation of electric potential in the radial direction (Case 1, R1 = 0.85).
Fig. 5. Variation of magnetic potential in the radial direction (Case 1, R1 = 0.85).
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X1
n¼0
faniðsÞr2nþ1 þ fbniðsÞr2n
 
;
/ip ¼
X1
n¼0
haniðsÞr2nþ1 þ hbniðsÞr2n
 þ hc0iðsÞ lnr;
wip ¼
X1
n¼0
ganiðsÞr2nþ1 þ gbniðsÞr2n
 þ gc0iðsÞ lnr:
ð38ÞExpressions for fani(s), fbni(s), hani(s), hbni(s), hc0i(s), gani(s), gbni(s), and gc0i(s) in Eq. (38) have been omitted here for brevity.
Then, the stress components, electric displacement, and the magnetic ﬂux density can be evaluated from Eq. (33). Details of
the solutions are omitted from here for brevity. The unknown constants in the homogeneous solutions are determined so as
to satisfy the boundary conditions in (30) and (31).
3. Numerical results
In order to illustrate the foregoing analysis, we consider a two-layered hollow sphere composed of piezoelectric and mag-
netostrictive layers. The piezoelectric layer is made up of BaTiO3, and the magnetostrictive layer is made up of CoFe2O4. Two
Fig. 6. Variation of temperature change in the radial direction (Case 2, R1 = 0.85).
Fig. 7. Variation of displacement ur in the radial direction (Case 2, R1 = 0.85).
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the stacking sequence CoFe2O4/BaTiO3. We assume that the outer surface of the two-layered hollow sphere is heated. Then,
numerically calculable parameters of the heat condition and shape are presented as follows:Ha ¼ Hb ¼ 1:0; Ta ¼ 0; Tb ¼ 1; N ¼ 2;
a ¼ 0:7; R1 ¼ 0:75; 0:8; 0:85; 0:9; 0:95; b ¼ 0:01m
ð39ÞThe following are material constants considered for BaTiO3 [20]:ah ¼ a/ ¼ 15:7 1061=K; ar ¼ 6:4 1061=K;
C22 ¼ 166 GPa; C23 ¼ 77 GPa; C12 ¼ 78 GPa; C11 ¼ 162 GPa
e2 ¼ 4:4 C=m2; e1 ¼ 18:6 C=m2; g1 ¼ 12:6 109 C2=Nm2;
p1 ¼ 2 104 C2=m2K; l1 ¼ 10 106 Ns2=C2; kr ¼ 2:5 W=mK;
jr ¼ 0:88 106 m2=s:
ð40Þ
Fig. 8. Variation of thermal stresses in the radial direction (Case 2, R1 = 0.85): (a) normal stress rrr and (b) normal stress rhh .
Fig. 9. Variation of electric potential in the radial direction (Case 2, R1 = 0.85).
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Fig. 10. Variation of magnetic potential in the radial direction (Case 2, R1 = 0.85).
Fig. 11. Variation of thermal stresses in the radial direction (Case 1, s =1): (a) normal stress rrr and (b) normal stress rhh .
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Fig. 12. Variation of electric potential in the radial direction (Case 1, s =1).
Fig. 13. Variation of magnetic potential in the radial direction (Case 1, s =1).
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C23 ¼ 173 GPa; C12 ¼ 170:5 GPa; C11 ¼ 269:5 GPa;
q2 ¼ 580:3 N=Am; q1 ¼ 699:7 N=Am; g1 ¼ 0:093 109 C2=Nm2;
p1 ¼ 2 104 C2=m2K; l1 ¼ 157 106 Ns2=C2; kr ¼ 3:2 W=mK;
jr ¼ 0:77 106 m2=s:
ð41ÞThe typical values of material parameters such as j0, k0, a0, Y0, and d0, used to normalize the numerical data, based on those
of BaTiO3 are as follows:j0 ¼ jr ; k0 ¼ kr; a0 ¼ ar ; Y0 ¼ 116 GPa; d0 ¼ 78 1012 C=N: ð42Þ
In the numerical calculations, the boundary conditions at the surfaces for the electric and magnetic ﬁelds are expressed asr ¼ a; Dr1 ¼ 0; Br1 ¼ 0;
r ¼ 1; /N ¼ 0; wN ¼ 0:
ð43ÞThe numerical results for Case 1 and R1 = 0.85 are shown in Figs. 1–5. Fig. 1 shows the variation of temperature change along
the radial direction. Fig. 2 shows the variation of displacement ur along the radial direction. From Figs. 1 and 2, it is clear that
the temperature and displacement increase with time and have the largest values in steady state. Fig. 3(a) and (b) shows
1442 Y. Ootao, M. Ishihara / Applied Mathematical Modelling 36 (2012) 1431–1443variations of thermal stresses rrr and rhh, respectively, along the radial direction. Fig. 3(a) reveals that the maximum tensile
stress occurs in the transient state and the maximum compressive stress occurs in the steady state. From Fig. 3(b), it is clear
that the compressive stress occurs in the ﬁrst layer and tensile stress occurs in the second layer. Figs. 4 and 5 show variations
of electric potential / and magnetic potential w, respectively, along the radial direction. Fig. 4 reveals that the absolute value
of the electric potential increases with time, except during the early stage of heating, and attains its maximum value in the
steady state. The electric potential is almost zero in the second layer, i.e. the magnetostrictive layer. From Fig. 5, it is clear
that the absolute value of the magnetic potential increases with time and attains its maximum value in the steady state. The
magnetic potential is almost constant in the ﬁrst layer, i.e. the piezoelectric layer.
The numerical results for Case 2 and R1 = 0.85 are shown in Figs. 6–10. Fig. 6 shows the variation of temperature change
along the radial direction. Fig. 7 shows the variation of displacement ur along the radial direction. From Figs. 1, 2, 6 and 7, it is
clear that the temperature increase and displacement ur of Case 1 are larger than those of Case 2. Fig. 8(a) and (b) shows the
variations of thermal stresses rrr and rhh, respectively, along the radial direction. From Fig. 8(a), it is clear that the maximum
tensile stress occurs in the steady state. Fig. 8(b) reveals that tensile stress occurs in the ﬁrst layer and compressive stress
occurs in the second layer. Figs. 9 and 10 show the variations of electric potential / and magnetic potential w, respectively,
along the radial direction. From these ﬁgures, it is clear that the absolute values of the electric and the magnetic potential
increases with time and attain their maximum value in the steady state. The electric potential is almost constant in the ﬁrst
layer, i.e. the magnetostrictive layer. In contrast, the magnetic potential is almost zero in the second layer, i.e. the
piezoelectric layer.
In order to assess the inﬂuence of the position of the interface between both layers, numerical results for Case 1 and
R1 = 0.75,0.8,0.85,0.9,0.95 were obtained; these results are shown in Figs. 11–13. Fig. 11(a) and (b) shows the variations
of thermal stresses rrr and rhh, respectively, in the steady state. Figs. 12 and 13 show the variations of electric and magnetic
potential, respectively, in the steady state. From Fig. 11(a) and (b), it is clear that the distribution of the thermal stress rrr
changes substantially with a change in the parameter R1 whereas the maximum tensile stress rhh increases with an increase
in R1. It can be seen from Figs. 12 and 13 that the absolute values of electric potential increase and those of magnetic
potential decrease with an increase in R1.4. Conclusion
In this study, we obtained the exact solution of the transient thermal stress problem of a multilayered magneto-
electro-thermoelastic hollow sphere under uniform surface heating as a spherically symmetric state. As an illustration,
we carried out numerical calculations for a two-layered hollow sphere composed of piezoelectric and magnetostrictive
materials and examined its behavior in the transient state in terms of temperature change, displacement, stress, and electric
and magnetic potential distributions. Furthermore, the effects of the stacking sequence and position of the interface were
investigated. Though numerical calculation were carried out for a two-layered hollow sphere, numerical calculation for mul-
tilayered magneto-electro-thermoelastic hollow sphere with an arbitrary number of layer and arbitrary stacking sequence
can be carried out. The present solution can serve as a benchmark to the analysis of magneto-electro-thermoelastic hollow
sphere based on various numerical methods.References
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